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We study the polarization change of Λ0’s produced in ultra-relativistic heavy-ion collisions with
respect to the polarization observed in proton-proton collisions as a signal for the formation of a
Quark-Gluon Plasma (QGP). Assuming that, when the density of participants in the collision is
larger than the critical density for QGP formation, the Λ0 production mechanism changes from
recombination type processes to the coalescence of free valence quarks, we find that the Λ0 polar-
ization depends on the relative contribution of each process to the total number of Λ0’s produced in
the collision. To describe the polarization of Λ0’s in nuclear collisions for densities below the criti-
cal density for the QGP formation, we use the DeGrand-Miettinen model corrected for the effects
introduced by multiple scattering of the produced Λ0 within the nuclear environment.
PACS numbers: 13.88.+e, 13.75.Ev
I. INTRODUCTION
The study of the kind of matter produced during nu-
clear collisions at relativistic and ultra-relativistic ener-
gies has become the subject of an increasing experimen-
tal and theoretical effort during the last years. The main
drive for such study is the expectation that a phase tran-
sition, from ordinary nuclear matter to a Quark Gluon
Plasma (QGP), should be observed when conditions of
sufficiently high baryonic densities and/or temperatures
are achieved during the collision. In order to identify this
phase transition, a number of experimental observables,
such as J/Ψ suppression, strangeness enhancement, fluc-
tuations in particle ratios, flow patterns, etc., have been
proposed [1]. At the same time, it has also been recog-
nized that no single signal can, by itself, provide clear
cut evidence for the existence of the QGP and that it is
only through the combined analysis of all possible signals
that the production of such state of matter can be firmly
established. This realization has stimulated the search
for new probes to aid in the understanding of the prop-
erties of the complex environment produced in heavy-ion
collisions at high energy.
One of the first proposed signatures to unveil the pro-
duction of a QGP in relativistic nucleus-nucleus collisions
was to study the change in the polarization properties of
Λ0 hyperons as compared to that observed in proton-
proton collisions [2,3]. At the same time, no quantitative
model has been proposed to realize such an idea in this
kind of environment.
Recall that, in high-energy proton-induced reactions,
the produced hyperons exhibit a strong polarization.
Among the hyperons, the Λ0 plays a special role due to
its rather simple spin structure within the static quark
model and to the fact that its self-analyzing main decay
mode into p + pi−, makes polarization measurements
experimentally feasible.
For proton-induced reactions, it has long been estab-
lished [4] that the spin of the Λ0 is carried by the pro-
duced s-quark and that the u- and d-quarks can be
thought of as being coupled into a diquark with zero to-
tal angular momentum and isospin. However, despite the
wealth of experimental information and theoretical in-
sight accumulated during the last three decades, a com-
plete understanding of the hyperon polarization mech-
anism is still missing, mainly because, as is currently
believed, this mechanism has its origin in the recombi-
nation processes whose nature belongs to the realm of
non-perturbative phenomena.
Nonetheless, a quantitative description of hyperon po-
larization properties in proton- and meson-induced reac-
tions has been attained by a semi-classical model put for-
ward by DeGrand and Miettinen [5] (see also Ref. [6]). In
this model, the hyperon polarization is due to a Thomas
precession effect during the quark recombination process
of slow (sea) s-quarks and fast (valence) ud-diquarks.
In the case of relativistic nucleus-nucleus collisions, the
expectation is that, Λ0’s coming from the zone where the
critical density for QGP formation has been achieved,
are produced through the coalescence of independent
slow sea u-, d- and s-quarks and are emitted via an
evaporation-like process. Consequently, these plasma
created Λ0’s should show zero polarization [3].
An accurate estimate of the change of the Λ0 polariza-
tion observed in high-energy heavy-ion collisions as com-
pared to proton-proton reactions requires knowledge of
the relative contribution to the total Λ0 yield both from
the plasma zone and from regions where the critical den-
sity for QGP formation has not been reached. Moreover,
since those Λ0’s produced in these latter regions expe-
rience multiple scattering with the surrounding nuclear
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environment, the final polarization value should reflect
the effects introduced by these processes.
In this paper, we propose a method to extract in-
formation from Λ0 polarization measurements in ultra-
relativistic heavy-ion collisions as a means to determine
the production of a QGP. We study a model where the
Λ0’s produced in the zone where the critical density for
QGP formation is reached are unpolarized while the Λ0’s
produced in the rest of the reaction zone are produced
polarized, in the same way as they are in free nucleon-
nucleon reactions. We use the DeGrand-Miettinen Model
(DMM) to describe the polarization of these latter Λ0’s.
The effects on the polarization arising from multiple scat-
tering are introduced in terms of a sequential model of
collisions [7,8]. We also discuss possible depolarization
effects introduced by spin-flip interactions of Λ0 within
the nuclear medium.
The work is organized as follows: In Sec. II we briefly
review the DMM for the polarization of hyperons pro-
duced in proton-proton reactions. In Sec. III, we discuss
the mechanisms that can induce a change in the polariza-
tion of hyperons produced in high-energy nucleus-nucleus
reactions as compared to proton-proton collisions. We
account for these changes in terms of a sequential model
of collisions. To illustrate our results, we introduce the
appropriate parameters which we extract from the ex-
isting (though scarce) data on Λ0-nucleon interactions.
In Sec. IV, we present our model for the production of
Λ0 coming from the regions in the reaction zone with
a density of participants below and above the critical
density for QGP formation. We show that the polariza-
tion of these Λ0’s depends on the relative contribution
of each of the above production mechanisms to the total
Λ0 yield. We also include the modifications to the polar-
ization introduced by multiple scattering of Λ0’s in those
regions with a density of participants below the critical
density for QGP formation. Armed with such expression
for the Λ0 polarization in high-energy nucleus-nucleus re-
actions, we apply the formalism to study 208Pb – 208Pb
collisions and draw quantitative conclusions about the Λ0
polarization behavior as a function of both its transverse
momentum and impact parameter of the reaction. We
finally summarize and conclude in Sec. V. In what fol-
lows, we present the expressions in terms of quantities in
the laboratory frame.
II. Λ0 POLARIZATION IN THE
DEGRAND-MIETTINEN MODEL
The Λ0 hyperon has spin S = 1/2. Its preferred decay
mode Λ0 → p + pi− (64% branching ratio) is mediated
by the weak interaction, therefore, the information from
the distribution of its decay products can be used to de-
termine the orientation of its spin.
Since the discovery of a substantial Λ0 transverse po-
larization in high-energy, hadron-nucleon [9], nucleon-
nucleon [10] and nucleon-nucleus [11] reactions, a large
amount of theoretical and experimental activity has been
devoted to understanding the origin of such polarization.
The fact that Λ0’s were produced with a significant po-
larization while Λ¯0’s were unpolarized was, at first, sur-
prising. Several models were proposed to explain that
phenomena. One of the most successful is the DMM [5].
In this semi-classical model, the Λ0 polarization results
from a Thomas precession of the spin of the s-quark in
the recombination process. The u- and d-quarks are as-
sumed to form a diquark in a state with total angular
momentum J = 0 (and isospin I = 0) and thus, the
s-quark is entirely responsible of the spin of the Λ0.
The recombining quarks in the projectile must also
carry a transverse momentum given, approximately by
half of the transverse momentum of the outgoing hadron,
while the other half is carried by the s-quark. Since the x
distribution of the (sea) s-quarks peeks at very low values
and is very steep, a Λ0 must get most of its longitudinal
momentum from the valence ud-diquark momentum. In
the process, the s-quark is, on average, accelerated but,
since its transverse momentum is different from zero, the
force F felt by the quark is not parallel to its velocity
β, giving rise to Thomas precession, characterized by a
frequency ωT given by
ωT =
(
γ
γ + 1
)
F× β , (1)
where γ is the Lorentz gamma factor. When this fre-
quency is used to account for the spin-orbit term in the
Hamiltonian for computing the scattering amplitudes to
produce Λ0’s with spin oriented along and opposite to the
normal of the production plane, it gives rise to a negative
polarization, since it is more likely that the (sea) s-quark
is accelerated than decelerated to recombine into a Λ0.
Notice that in the model, the polarization asymme-
try arises as a consequence of a strong momentum or-
dering where the s-quark is (on average) slow and the
ud-diquark is (on average) fast. This ordering does not
happen when the recombination involves only sea s- u-
or d-quarks or antiquarks, as is the case of antihyperon
production or, more important to our purposes, a Λ0
originated from a QGP.
The polarization of a Λ0 in proton-proton collisions is
given in the DMM by
PREC = −
12
∆x0M2
(
1− 3ξ(x)
[1 + 3ξ(x)]2
)
pT , (2)
where
M2 =
[
m2D + p
2
TD
1− ξ(x)
+
m2s + p
2
Ts
ξ(x)
−m2Λ0 − p
2
T
]
(3)
with mD, pTD (ms, pTs) the mass and transverse mo-
mentum of the ud-diquark (s-quark), mΛ0 and pT the
mass and transverse momentum of the Λ0, ∆x0 a dis-
tance scale, on the order of the proton radius, charac-
terizing the recombination length scale and ξ(x) = xs/x
2
the ratio of the longitudinal momentum fraction of the
s-quark to the longitudinal momentum fraction of the Λ0
with respect to the beam proton.
To give a quantitative description for the polarization,
DeGrand and Miettinen take a linear parametrization for
ξ(x) such that
ξ(x) =
1
3
(1− x) + 0.1x , (4)
which represents a reasonable interpolation between the
values for ξ near x = 0, where the distribution for all
flavors is roughly equal in shape, and near x = 1, where
the distribution of sea and valence quarks is small, the
former being even smaller than the latter. Using this
parametrization, DeGrand and Miettinen obtain a good
description of experimental data [5]. If, on the other
hand, use is made of a recombination model [12] and
ξ(x) explicitly computed, the results for the polarization
do not show a drastic change. We therefore use here, for
the sake of simplicity, the linear parametrization for ξ(x)
given by Eq. (4). To complete the overall parametrization
of PREC, we also takemD = 2/3 GeV,ms = 1/2 GeV and
p2Ts = p
2
TD = (1/4)p
2
T + 〈k
2
T 〉 with 〈k
2
T 〉 = 0.25 GeV
2 [5].
III. DEPOLARIZATION EFFECTS IN
NUCLEUS-NUCLEUS COLLISIONS
In the case of nucleus-nucleus collisions, the effects that
can possibly produce a diminishing of the Λ0 polarization
have been enumerated in Refs. [3]. These are: (i) sec-
ondary Λ0’s produced by pion-nucleon scattering, (ii) Λ0
production from a QGP and (iii) secondary scattering of
leading Λ0’s with nucleons within the interaction zone.
Though production of Λ0’s by pion-nucleon scattering
becomes important in collisions of large nuclei at high
energy, due to both, an increase of the pion-nucleon and
the pion production cross sections with increasing atomic
number at high energies, these Λ0’s are mainly produced
beyond the free nucleon-nucleon phase space kinemati-
cal limit and at low (laboratory) momenta. It is thus
possible to set kinematical constraints in the reconstruc-
tion of these Λ0’s and therefore exclude them from the
polarization analysis. Thus, we do not further consider
this effect. We postpone the discussion on the polar-
ization modification of Λ0’s originating from a QGP to
Sec. IV. Here, we concentrate on the effects introduced
by secondary scattering of Λ0’s with nucleons in the zone
where the density of participants is below the threshold
for a QGP formation.
Secondary scattering within nuclear matter is an im-
portant effect in high-energy nucleus-nucleus collisions.
It is responsible for the transverse spectrum broadening
of produced particles and for the longitudinal momen-
tum loss of nucleons, which is related to the degree of
stopping in the reaction.
Since at high energies, the trend for the existing
(though scarce) data on free Λ0-nucleon interactions in-
dicates that elastic scattering dominates the total cross
section [13], we concentrate on describing the effects on
the Λ0 polarization by these kind of collisions.
Secondary elastic scattering of Λ0’s with nucleons can
influence the final polarization measurements by produc-
ing (a) a shift in the Λ0 longitudinal momentum, (b) a
shift in the Λ0 transverse momentum and (c) a flip in the
original Λ0 spin direction. We proceed to quantitatively
discuss each one of these effects.
A. Longitudinal momentum shift
Multiple elastic scattering can be cast in terms of a
sequential model [7,8], where it is assumed that the av-
erage energy of a particle after n+1 collisions is given in
terms of the average energy after n collisions by
〈EΛ0〉n+1 = (1− I)〈EΛ0 〉n , (5)
where I is the inelasticity coefficient [14]. In the high
energy limit (p≫ mΛ0)
〈EΛ0〉n ≃ 〈pΛ0〉n = p〈x〉n (6)
where p is the initial momentum value of the nucleon
that produced (through recombination) the Λ0 and x the
fraction of the initial longitudinal Λ0 momentum to the
nucleon longitudinal momentum. Equations (5) and (6)
can be combined to find the average value of x after n
collisions as
〈x〉n = (1− I)
nx . (7)
We now proceed to find the average value 〈x(z, b)〉, after
the produced Λ0 has traveled a longitudinal distance z, in
collisions with impact parameter b. Recall that the dis-
tribution probability Pn(z, b) for n-collisions in reactions
with impact parameter b is Poissonian, that is
Pn(z, b) =
1
n!
N¯n(z, b)e−N¯(z,b) , (8)
with
N¯(z, b) = σtotΛ0NTA(z, b/2) , (9)
being the average number of collisions after the Λ0 has
traveled a longitudinal distance z, given in terms of the
total Λ0-nucleon cross section, which we take as σtotΛ0N ≃
25 mb and
TA(z, s) =
∫ z/2
−z/2
ρA(z
′, s)dz′ (10)
being the average nucleon density per unit area in the
transverse plane with respect to the collision axis. Notice
that the argument of the function TA in Eq. (9) referring
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to the location of the trajectory of the Λ0 in the trans-
verse planes has been taken as the geometrical average
in these planes.
Therefore, 〈x(z, b)〉 is given by
〈x(z, b)〉 = xe−N¯(z,b)
∞∑
n=0
(1 − I)n
n!
N¯n(z, b)
= xe−IN¯(z,b) . (11)
It can be shown [8] that I = λ/2, where
λ ≃
σinelΛ0N
σtotΛ0N
, (12)
with σtotΛ0N and σ
inel
Λ0N the total and inelastic Λ
0-nucleon
cross sections, respectively. Although these should be
taken as the cross sections in nuclear matter, such in-
formation has not been experimentally obtained up un-
til now. Nevertheless, from data at low and interme-
diate energies, it is known that the free cross sections
follow the behavior of the corresponding nucleon-nucleon
cross sections [15]. Assuming that this is also the case
within nuclear matter, we extrapolate the existing data
on free Λ0-nucleon interactions to high energies [13] and
obtain λ ≃ 0.4 which is consistent with the correspond-
ing value obtained for nucleon-nucleon collisions within
nuclear matter [8].
B. Transverse momentum shift
Let Q(sf , si, z) be the probability that the produced
Λ0 ends up traveling in the direction sf after traveling
a longitudinal distance z, having been produced moving
in direction si. Let qn(sf , si) be the probability that the
Λ0 ends up traveling in the direction sf after n-collisions
with nucleons, having been produced moving in direction
si. The vectors sf and si can be thought of as two di-
mensional unit vectors, given the isotropy of the angular
distribution in each collision.
It is easy to show [16] that the explicit expression for
qn(sf , si) is
qn(sf , si) =
(
1
npiΓ2
)
e−
(sf−si)
2
nΓ2 , (13)
where the distribution is taken as Gaussian and for the
ease of the calculations, the range of each component of
sf and sf is taken as [−∞,∞]. Γ is the average dispersion
angle in each collision. We emphasize that the expression
in Eq. (13) is valid for small dispersion angles. Since
the distribution probability for n-collisions is given by
Eq. (8), Q(sf , si, z) is given as
Q(sf , si, z) =
∞∑
n=0
Pn(z, b)qn(sf , si) . (14)
The average change in the Λ0 momentum direction is
computed from the r.m.s value of the total dispersion
angle, α, given by
α =
√∫
d2s s2 Q(s, z)
= Γ
√
N¯(z, b) , (15)
where s = sf−si, sinceQ depends only on such difference.
It is now a simple matter to express the average value of
the Λ0 transverse momentum after having traversed a
longitudinal distance z within the nuclear medium, as
〈pT (z, b)〉 =
(√
p2Λ0 − p
2
T sinα+ pT cosα
)
e−IN¯(z,b) ,
(16)
where the factor e−IN¯(z,b) comes from considering the
average change in the magnitude of the Λ0 momentum.
In the high-energy limit cosα ∼ 1, and we can safely
ignore the first term in Eq. (16), writing
〈pT (z, b)〉 ≃ pT e
−IN¯(z,b) cos
{
Γ
√
N¯(z, b)
}
, (17)
where pT is the transverse momentum that the Λ
0 carried
originally and we have used Eq. (15).
Γ can be estimated using the data on angular distribu-
tions of free Λ0-nucleon elastic scattering. For intermedi-
ate energies with 300 MeV/c ≤ pΛ0 ≤ 1500 MeV/c, such
data exists and Γ can be read off from the parametriza-
tion of the angular distribution for pΛ0 > 800 MeV/c
in terms of Legendre polynomials with l = 1, 2, 3 in
Ref. [17]. By doing so it is easy to get that Γ ≃ 1.2
rad., which represents a large value. However, we expect
that at higher energies, elastic dispersion takes place with
smaller values of Γ. In fact, as the energy of the produced
Λ0 increases from about 1 GeV to a few tenths of GeV,
its deBroglie wavelength λ¯ decreases from about 0.1 fm
to 0.01 fm. Since the transverse size d of the scatter-
ers (nucleons) is about 1 fm, we can estimate that [16]
Γ ∼ λ¯/d = 0.01. Hereafter, we use this value of Γ in our
calculations.
C. Spin flip
The existing data on Λ0 production by meson-induced
reactions on light nuclei [18] show that the effects on
the Λ0 polarization produced by final state interactions
(Λ0-nucleon scattering) are small. Since, within a light
nucleus, the average number of collisions experimented
by a produced Λ0 is N¯ < 1, it is to be expected that
the effects, if any, reflect the depolarization involving the
spin interactions.
Let us first note [19] that the spin-orbit interactions
cannot contribute to Λ0 depolarization, given that this
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interaction is parity-conserving. Since depolarization re-
quires spin-flip, the only interaction capable to produce
it is the spin-spin interaction.
To quantify the degree of depolarization in a single
Λ0-nucleon collision, it is customary to introduce the po-
larization transfer coefficient [20] D, which, in the case
of forward scattering, expresses the final polarization P ′
in terms of the original polarization P as
P ′ = D P . (18)
In a multiple scattering scenario, such as the one con-
sidered here, the average depolarization due to two-body
Λ0-nucleon interactions can be written as
〈P ′(z, b)〉 = P
∞∑
n=0
Pn(z, b)D
n
= Pe−N¯(z,b)(1−D) . (19)
Assuming that the spin-spin interactions are isotropic, D
can be expressed as
D =
∣∣V¯ ∣∣2 + |SΛ|2 + |SN |2 − |∆|2∣∣V¯ ∣∣2 + |SΛ|2 + |SN |2 + 3 |∆|2 , (20)
where V¯ , SΛ, SN and ∆ represent the amplitudes for
the spin-independent, Λ0 spin-orbit, nucleon spin-orbit
and spin-spin interactions, respectively, appearing in the
expression for the two-body Λ0-nucleon potential [21].
FIG. 1. The reaction 208Pb – 208Pb and the regions where
Λ0’s may be produced. In the QGP, Λ0’s originate from the
QCD processes qq¯ → ss¯ and gg → ss¯. In the periphery Λ0’s
are produced by recombination.
The above parameters can be reasonably constrained
at low energies (a few MeV’s) from the spectral analysis
of hypernuclei levels [22], however, no further experimen-
tal data exists at higher energies. Nevertheless, it is clear
that, when in the range of energies of interest, the param-
eters appearing in Eq. (20) are measured, D can be con-
sidered to be a constant smaller than unity. Therefore,
for a given impact parameter, the spin-flip interactions
have a simple effect on the depolarization of Λ0’s pro-
duced in nucleus-nucleus collisions. For the purposes of
this work and until experimental information becomes
available, we will omit these effects from the analysis.
IV. Λ0 PRODUCTION AND POLARIZATION IN
ULTRA-RELATIVISTIC HEAVY-ION
COLLISIONS
In a QGP the s s¯ pair production can be reasonably
well described by the lowest order QCD processes q+q¯ →
s + s¯ and g + g → s + s¯ [23]. To simplify the analysis,
we assume that in this environment, the Λ0’s are the
sole products of the subsequent s-quark recombination.
The enhancement of strangeness production in a QGP
plasma leads to an enhancement of hyperon production.
However, Λ0 formation in this environment should not
show a strong ordering for the momenta of any of the u-,
d- or s-quarks, and consequently, according to the DMM,
these Λ0’s should not be polarized [24].
On the other hand, in the interaction region where
nucleon-nucleon collisions take place but the density is
not high enough to deconfine quarks and gluons, Λ0’s
would be produced by recombination of (ud)-diquarks,
coming from the interacting nucleons and, s quarks com-
ing from the sea.
The total cross section σΛ0 for Λ
0 production is then
given by these two components
σΛ0 = σ
REC
Λ0 + σ
QGP
Λ0 . (21)
The regions where the two distinct Λ0 production
mechanisms take place during the collision are shown
schematically in Fig. 1.
A. Λ0 production from recombination
To describe Λ0 production by recombination we write
the production cross section at impact parameter b in the
collision of ions A and B as
1
σNNΛ0
d2σRECΛ0
d2b
= TAB(b) , (22)
where σNNΛ0 is the Λ
0 production cross section in nucleon-
nucleon collisions, which we take as σNNΛ0 = 3.2 mb [25]
and TAB(b) is given by
TAB(z, b) =
∫
d2sTA(z, s)TB(z, s− b) , (23)
with TA and TB given in terms of Eq. (10), extending the
limits of integration over z in Eq. (10) to [−∞,∞]. For
ρA(r) we use the standard Woods-Saxon density profile
ρA(r) =
ρ0
1 + e(r−RA)/a
, (24)
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with RA = 1.1A
1/3 fm, a = 0.53 fm and ρ0 fixed by
normalization ∫
ρA(r)d
3r = A , (25)
giving ρ0 = 0.17 fm
−3 for 208Pb.
We assume that each sub-collision produces final state
particles in the same way as in free nucleon reactions
and thus we can estimate the number of Λ0’s produced
by recombination from Eq. (23). However, in order to
exclude the zone where the density of participants np
is above the critical density nc to produce a QGP, we
rewrite Eqs. (23) and (22) as
d2σRECΛ0
d2b
= σNNΛ0
∫
TB(b− s)TA(s)θ[nc − np(s,b)]d
2s,
(26)
where np(s) is the density of participants at the point s
in the transverse plane and θ is the step function.
The density of participants per unit transverse area
during the collision of nucleus A on nucleus B, at an
impact parameter vector b, has a profile given by [26]
np(s,b) = TA(s)[1− e
−σNNTB(s−b)]
+ TB(s− b)[1− e
−σNNTA(s)] , (27)
where σNN is the nucleon-nucleon inelastic cross section
which we take as σNN = 32 mb. The total number of
participants Np at impact parameter b is
Np(b) =
∫
np(s,b)d
2s . (28)
0
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FIG. 2. Λ0 production as a function of the impact parame-
ter b in the QGP (dashed-dotted line) for c = 0.005 and in the
periphery (dashed line). The solid line represents the total Λ0
production.
Following the reasoning in Ref. [26], we choose nc = 3.3
fm−2, which results from the observation of a substan-
tial reduction of the J/ψ yield in Pb – Pb collisions at
the SPS. Figure 2 shows d2σRECΛ0 /d
2b (dashed line) as a
function of b, computed from Eq. (26) for the case of Pb
– Pb collisions.
B. Λ0 production from a QGP
The average number of strange quarks produced in a
QGP scales with the number of participants NQGPp in the
collision roughly as [27]
〈s〉
NQGPp
= cNQGPp . (29)
Assuming for the sake of simplicity that, as a result of
hadronization, only Λ0’s are obtained from these pro-
duced s-quarks, we can estimate the number of Λ0’s orig-
inating in the QGP. NQGPp , as a function of the impact
parameter is given, using Eq. (28), as
NQGPp (b) =
∫
np(s,b)θ[np(s,b)− nc]d
2s . (30)
0
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FIG. 3. The fraction f(b) of Λ0’s produced in the QGP
to those produced by recombination as a function of impact
parameter b.
The proportionality constant c in Eq. (29) can be read
off from Fig. 5a in Ref. [27]. Depending on the precise
value of αs and for
208Pb – 208Pb collisions, c is found in
the range
0.001 ≤ c ≤ 0.005 . (31)
Therefore, we take Eq. (29) as representing the behavior
of the differential cross section, d2σQGPΛ0 /d
2b, namely
d2σQGPΛ0
d2b
= c
[
NQGPp (b)
]2
. (32)
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Figure 2 shows d2σQGPΛ0 /d
2b (dashed-dotted line) as a
function of b, computed from Eq. (32) for the case of
Pb – Pb collisions. Shown is also the sum d2σRECΛ0 /d
2b+
d2σQGPΛ0 /d
2b (solid line) for the same system.
C. Λ0 polarization
Recall that the Λ0 polarization asymmetry P is defined
as the difference between the number of Λ0’s produced
with spin pointing along and opposite to the normal of
the production plane. In terms of the differential cross
sections, P is given by [28]
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FIG. 4. Λ0 polarization by recombination (a) as a function
of pT for different values of impact parameter b and (b) as a
function of b for different values of pT .
P =
[
d2σΛ0↑
d2b
−
d2σΛ0↓
d2b
]/[
d2σΛ0↑
d2b
+
d2σΛ0↓
d2b
]
, (33)
where d2σΛ0↑/d
2b and d2σΛ0↓/d
2b are the spin up and
spin down (with respect to the normal of the production
plane) differential cross sections, respectively. In the sce-
nario where Λ0’s originate from two different processes,
one must take into account the corresponding contribu-
tion to the polarization.
As we have argued, Λ0’s coming from the QGP regions
are expected to be produced with their spins isotropically
oriented and thus these do not contribute to the net Λ0
polarization. We define
f(b) =
[
d2σQGPΛ0
d2b
]/[
d2σRECΛ0
d2b
]
(34)
as the ratio of the differential cross sections for Λ0 pro-
duction from the QGP and from recombination pro-
cesses. Figure 3 shows f(b) as a function of the im-
pact parameter b, for the case of Pb – Pb collisions,
where d2σRECΛ0 /d
2b and d2σQGPΛ0 /d
2b are given by Eqs. (26)
and (32), respectively.
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FIG. 5. Comparison of Λ0 polarization values with (lower
curves) and without (upper curves) the transverse momentum
shift due to multiple scattering in the nuclear medium below
the critical density for QGP formation.
Equation (33) can be written in terms of f(b) as
P =
PREC
[1 + f(b)]
, (35)
where
PREC =
[
d2σRECΛ0↑
d2b
−
d2σRECΛ0↓
d2b
]/[
d2σRECΛ0↑
d2b
+
d2σRECΛ0↓
d2b
]
,
(36)
given in the DMM by Eq. (2), is the Λ0 polarization that
would be observed in the absence of Λ0’s produced by
a QGP. Figure 4 shows the polarization obtained from
Eqs. (2) and (35). Figure 4(a) shows the polarization as
a function of pT for different values of b. Figure 4(b)
shows the polarization as a function of b for different
values of pT .
To incorporate the effects of the shift in momentum
experienced by Λ0’s traveling in the nuclear medium for
densities below the critical density for QGP formation,
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we recall that, according to the analysis in Sec. III, a Λ0
produced within a given phase space cell labeled by the
pair of values (x, pT ), is scattered into a different phase
space cell, which, on average, is labeled by the pair of val-
ues (〈x〉, 〈pT 〉). Omitting from the analysis the spin-flip
depolarization effects, the original Λ0 polarization com-
puted from Eq. (2) is preserved but corresponds (on av-
erage) to a detected Λ0 with momenta labels (〈x〉, 〈pt〉).
This is shown in Fig 5 where, for the purposes of com-
parison, we plot the polarization with and without con-
sidering the shift in transverse momenta due to multiple
scattering, computed with the explcit values of I = 0.2
and Γ = 0.01 for two different values of the impact pa-
rameter b.
V. CONCLUSIONS
In conclusion, we propose to study the change in polar-
ization of Λ0’s, with respect to proton-proton reactions,
as a means to identify the production of deconfined mat-
ter in ultra-relativistic nucleus-nucleus collisions.
We have studied a model where Λ0’s are produced
by two competing mechanisms, namely, recombination
type of processes, below the critical density for QGP for-
mation, where we expect that Λ0’s are produced polar-
ized, and coalescence type of processes, above the critical
density for QGP formation, where we expect that Λ0’s
are unpolarized. The overall polarization detected would
thus depend on the relative contribution of each process
to the overall Λ0 yield.
To describe the polarization of Λ0’s produced by re-
combination, we use the DMM, accounting for the effects
introduced by multiple elastic scattering experienced by
the produced Λ0’s in the nuclear environment. Multi-
ple scattering is responsible for two distinct effects: a
momentum shift where the polarization of the produced
Λ0’s is preserved but their final momenta change and a
depolarization due to spin flip interactions.
We have used the existing data on Λ0-nucleon inter-
actions to obtain the inelasticity parameter I and have
estimated the average dispersion angle per collision Γ.
We have also given an explicit expression for the depolar-
ization coefficient, in terms of the parameters describing
the two-body Λ0-nucleon potential. These last parame-
ters have yet to be measured at high energies.
Though our analysis is as quantitative as the existing
data allow it, there is no doubt that in order for the model
to have a stronger predictive power, more accurate data
on Λ0-nucleon interactions at high energies are needed,
which, together with an increasing interest on finding
new probes for the existence of a QGP, can make Λ0
polarization measurements a powerful analyzing tool in
high energy heavy-ion collisions.
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